The effects of fungicidal treatments on the rooting of winter cuttings of some woody plants. by Procopio, Paul Nicholas
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Masters Theses 1911 - February 2014 
1954 
The effects of fungicidal treatments on the rooting of winter 
cuttings of some woody plants. 
Paul Nicholas Procopio 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/theses 
Procopio, Paul Nicholas, "The effects of fungicidal treatments on the rooting of winter cuttings of some 
woody plants." (1954). Masters Theses 1911 - February 2014. 2888. 
Retrieved from https://scholarworks.umass.edu/theses/2888 
This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for 
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass 
Amherst. For more information, please contact scholarworks@library.umass.edu. 
UMASS/AMHERST 
3120bb 0530 31b5 □ 
VI H' I-I'M CVS OP l-'UNGICIDA I.. TREATME iNTS 
ON ’I 1 11: ROOTING Oi WINTER CUTTiNG.S 
OR SOM IT WOODY PLANTS 
■ ‘ ■ V 
procopjo i e&s 
THE EFFECTS OF FUNGICIDAL TREATMENTS 
ON THE ROOTING OF WINTER CUTTINGS 
OF SOME WOODY PLANTS 
Paul Nicholas Procoplo 
n 
Thesis submitted in partial fulfillment of the 
requirements for the degree of 
Master of Science 
University of Massachusetts 
Amherst 
May, 195^ 
1 
Table of Contents 
Page 
•hmmMmk 
Statement of the Problem --------------- X 
Survey of Literature - - - ------ - ---- l 
Discussion of the Problem-------- 7 
Methods and Materials Employed in the Work ---- g 
Fungicides ------------------- 9 
Growth Regulator ---- - ---------- 9 
Plant Materials ----------------- 10 
The Bench -------------------- 11 
The Medium ------------- - - - - 12 
Arrangement of Plots -------------- 13 
Results ----------------------- 17 
Discussion of Results ---------------- 30 
Summary and Conclusions --------------- 34 
Literature Cited - - - --36 
Acknowledgments - - -- $ 
1 
THE EFFECTS OF FUNGICIDAL TREATMENTS 
ON THE ROOTING OF WINTER CUTTINGS 
OF SOME WOODY PLANTS 
Statement of the Problem 
A large percentage of loss from rot occurring In propa¬ 
gating beds has been noted among winter cuttings of some 
plants. The work described In this paper is an attempt to 
determine whether a fungicide applied in dust form directly 
to the basal end of the cutting will control such rot and 
Increase the percentage of rooting. Various fungicides in 
several concentrations were tested. In each case the fungi¬ 
cide was used in powder form and in conjunction with indole- 
butyric aoid, a growth regulator which induces rooting of 
cuttings. 
Survey of Literature 
Most of the early work in treating cuttings with a 
fungicide or a combination of a fungicide and a root-inducing 
substance is concerned with cuttings of herbaceous plants or 
softwood cuttings of woody plants. Some of the later work, 
however, is concerned with winter cuttings of woody plants. 
Tompkins and Middleton (10) report that Tompkins con¬ 
trolled rot diseases of cuttings of Chrysanthemum hortorum 
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Hort. by use of ferb&m or ferbam and Cellte 505 (& diato- 
maceous earth) dusted on the basal ends of the cuttings. 
They state, further, that Tompkins suggested that the use of 
ferbam might prove advantageous on cuttings of other orna¬ 
mentals. 
Dimock (1) reports satisfactory control of basal rot of 
cuttings of begonia, carnation, geranium, poinsettla and 
lily bulb scales with the use of Fermate or a mixture of 
Fermate and talc on the basal end of the cutting. He found 
that cuttings so treated gave quicker rooting and the roots 
were stronger and more uniform. He suggested that Fermate 
may have some root-stimulating effect as well as fungicidal 
value. He found little or no difference in results between 
the use of Fermate alone or a mixture of Fermate and a root- 
inducing substance. He obtained almost as satisfactory 
results with Arasan and found Spergon to be effective on 
some types of plant materials but does not state which 
plants rooted well when treated with Spergon. 
White (11) found, on the other hand, that the use of 
Fermate alone on geranium cuttings did not give good results, 
but when used in combination with indolebutyrio acid or with 
naphthaleneaoetic acid, ”a greater percentage of such 
cuttings rooted and losses from rot diseases were signifi¬ 
cantly reduced”. He states, also, that rooting was generally 
Improved, there being longer roots and a greater number of 
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roots on the cuttings. 
McClellan and Stuart (3) reported that in tests with 
Easter lily bulbs (USDA clone 6, which is relatively re- 
sietant to Fusarium basal rot) there was no significant 
difference in the amount of basal rot between treatments 
which included talc, Arasan or Fermate, alone or containing 
0.1 or 0.02$ naphthaleneacetlc acid. 
In later work on cuttings of various plants (geranium, 
snapdragon, chrysanthemum and carnation), McClellan and 
Stuart (4) found that Spergon, Arasan, and Phygon reduced 
rooting percentage in all species except geranium. Undi¬ 
luted Arasan injured cuttings of chrysanthemum severely but 
not those of carnation, while Spergon injured cuttings of 
carnation but not those of chrysanthemum. The addition of 
growth substances Increased both the percentage and the 
amount of rooting. Polnsettia cuttings rooted well when 
treated with undiluted Fermate, Spergon, and Arasan. 
Newton and Lines (6) found that Fermate, Spergon, and 
Arasan when used alone were more effective in controlling 
loss of cuttings of Chamaecyparla lawsoniana (A. Murr.) Pari, 
var. alluml (R. Smith) Belss than when used in combination 
with naphthaleneacetlc acid. The differences in results ob¬ 
tained with cuttings of Hoosier Beauty rose were not sig¬ 
nificant . 
Snyder (S) treated cuttings of Taxus cuspidate Sleb. 
and Zucc. with Fermate and two commercial preparations of 
root-inducing substances, Hormodin #2 and Formula 66. He 
made note of the effect at four intervals — after 30, 90, 
120 and 200 days, taking into account both the formation of 
basal callus and the rooting of the cuttings. Ke found that 
basal callus was inhibited by the use of Fermate alone or by 
the use of these mixtures containing a large proportion of 
Fermate at the JO, 60 and 90 day examinations, but that "all 
inhibitory effects had disappeared in 120 days after treat¬ 
ment n. 
Rooting response was more marked than callus response. 
After 60 days the untreated controls and all treatments 
which included a root-inducing substance produced some 
rooted cuttings. None treated with Fermate alone had rooted. 
However, differences in numbers of cuttings rooted were not 
significant at this time. 
At 90 days there were significant differences in 
numbers of cuttings rooted between the untreated controls 
and those treatments containing 90# or more root-inducing 
substances, the latter showing greater percentages of root¬ 
ing. At 120 days, only those cuttings treated with a combi¬ 
nation of 90$ root-inducing substance and 10% Fermate showed 
a significant difference in increase in rooting. Those 
cuttings treated with Fermate alone showed a marked inhibi¬ 
tory effect at this point, but this had disappeared at 200 
5 
days. 
Since there was a significant reduction in the number 
of cuttings callueed at 60 and 90 days and the number of 
cuttings rooted at 120 days after treatment with Fermate as 
against the controls, Snyder suggests that Fermate somehow 
prevents the functioning, for a time at least, of naturally 
occurring auxins. 
Tompkins and Middleton (10) report that with a mixture 
of ferbam and Celite 505 they were able to control basal rot 
of several commercial varieties of Chrysanthemum. Further 
experiments with several ornamentals were carried out. 
Rooting occurred on cuttings of plants which ordinarily 
rooted with great difficulty or not at all. These other 
ornamentals tested were: Aucuba japonlca Thunb., Bougaln~ 
vlllea sp., Buxus sempervlrens L., Camellia Japonloa L., 
Chrysanthemum frutescena L., Daphne odora Thunb., Pianthus 
caryophyllus L., Plervllla sp., Erica spp., Euonymue Japonlca 
L. $ Euphorbia puloherrlma Willd., Fuohsla hybrlda Voss, 
Gardenia Jasmlnoldes Ellis, Hedera helix L., Hydrangea 
panlculata Sleb. , v&r. grandlflora Sieb., Lantana camera L., 
Llgustrum oval1folium Rassk., Rhododendron lndlcum Sweet, 
and Veronica sp. These all showed successful rooting with 
good disease control being obtained. 
Murakishl and Hendrix (5) in their work with carnation 
found that Fermate and Zerlate among eleven fungicides 
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listed gave the best protection to cuttings and that a 
mixture of Fermate (10$) and indolebutyrlc acid (1000 ppm) 
gave reasonably good results while Seme3an gave very poor 
results. 
Doran (2) reports good results with the use of Phygon 
XL full strength or diluted with talc or in combination with 
indolebutyrlc acid. In those tests where he used the 
powder-dip method, cuttings of Cotoneaster horizontal!s 
Decne., Junlperua communis L., Plcea glauca (Moenoh) Voss. 
conloa Rehd., and Styrax japonica Sieb. and Zucc. rooted in 
better percentages when the basal end was dipped in Phygon 
XL at full strength than did untreated cuttings of those 
plants. Cuttings of Cham&eoyparis obtusa (Sieb. and Zucc.) 
Endl. and Cornua florlda L. rooted in the greatest percent¬ 
ages when treated with Phygon XL diluted with talc 1:2 or 
1:4 as against untreated cuttings of those plants. Cuttings 
of Frankllnia alatam aha Marsh, Ilex opaoa Ait., Ilex verti- 
clllata (L.) Cray and Rhododendron myrtlfollum Lodd. rooted 
better when treated with a combination of Phygon XL and 
Indolebutyrlc acid 0.3$ or 0.6>$ than did cuttings treated 
with indolebutyrlc acid alone. 
In general the results of these workers would seem to 
indicate that the use of a fungicide alone or in combination 
with a root-inducing substance would have a beneficial 
effect on a great number of plants, provided that the fungi- 
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cide, or the concentration of the fungicide did not show a 
toxic or inhibitory effect on & plant. 
Discussion of the Problem 
Disease control in the propagating beds of moot nurser¬ 
ies is usually limited to changing the propagating medium 
once a year. Should disease (due mainly to Pythlum spp. and 
Rhyzoctonla spp.) appear, the cuttings and the surface of 
the -medium are sprayed with a fungicide such as Bordeaux 
mixture. While this procedure helps prevent the spread of 
disease to those cuttings which have not been infected, 
there is still a danger (especially among those plants which 
are highly susceptible to such dlseases) of heavy loss, as 
the early stages of infection are not evident. Thus, when 
disease is first noted in the propagating bed, there may be 
any number of Infected cuttings. 
The problem becomes one of preventing the disease from 
entering the cutting. It is complicated to a greater or 
lesser degree by the action of the fungicide on the cutting: 
i.e., whether it will injure the cutting or Inhibit or aid 
the rooting of the cutting. 
Since most hardwood cuttings of woody plants take con¬ 
siderable time to root, it was thought that the powder-dip 
method of applying the fungicide-root-inducing substance 
mixture, in combination with a constant water level bench 
(watering from below), should be used to give the basal end 
of the cutting protection over as long a period of time as 
necessary. This method would have the additional advantage 
of being commercially practicable: i.e., only one treatment 
need be given each cutting, and watering is automatic. 
Methods and Materials Employed in the Work 
The work was divided into two parts. The first experi¬ 
ment was concerned with determining the most promising 
fungicides and the second experiment was concerned with 
determining the best concentrations of the better fungicides. 
The initial experiment was carried out with the active 
ingredient of each commercial preparation at a concentration 
of 12.5$ hy weight. This figure was based on a commercial 
/ 
product sold under the trade name Bootone and Fungicide, 
manufactured by the American Chemical Paint Co., Ambler, 
Pennsylvania. This material contains naphthylacetamide 
0.10#, 2 methyl 1 naphthylacetic acid 0.05#, 2 methyl 1 
naphthylacetamide 0.02# and the fungicide, tetramethyl 
thluramdisulfide, 12.5#. 
The second experiment was carried out with the active 
Ingredients of each commercial preparation at concentrations 
of 6.0# and 3.0# by weight. 
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Fungicides 
The fungicides tested were Arasan, Fermate, Phygon, 
Semesan and Spergon. The active ingredients and the manu¬ 
facturer of each of these follow: 
Arasan 50# Tetramethyl thiuramdisulfide 
• E. I. Du Pont De Nemours and Co. Inc., 
Du Pont Semesan Co. Inc., 
Vi1mlng to n, Delaw&re. 
Ferra&te 70$ Ferric dimethyl dithiooarbamate 
E. I. Du Pont De Nemours and Co. Inc., 
Grasselli Chemicals Department, 
Wilmington, Delaware. 
Phygon 97$ 2,3-Dlchloro-l,4-naphthoquinone 
The United States Rubber Co. 
Naugatuck Chemical Division, 
Naugatuck, Conne cticut. 
Semesan 30$ Kydroxymerouriehlorophenol 
E. I. Du Pont De Nemours and Co. Inc., 
Grasselli Chemicals Department, 
Wilmington, Delaware. 
Spergon 9S$ Tetrachloro-para-benzoquinone 
The United States Rubber Co., 
Naugatuck Chemical Division, 
Naugatuck, Connecticut. 
Those used in the second experiment were: Fermate, 
Phygon and Semesan. 
Growth Regulator 
The root-inducing substance used in all cases was 
indolebutyric acid. This material was obtained as Hormodin 
#3, manufactured by Merck and Co. Inc., Rahway, New Jersey. 
Hormodin #3 is 0.3# Indolebutyric acid with talc as a 
carrier. It was diluted to 0.3# (the strength of Hormodin 
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#2) by the addition of talc and the trial fungicide at the 
proper concentration. 
Plant Materials 
The following plants were used in the first experiment: 
Daphne oneorum L. Hose Daphne, Pachysandra terminalls Sleb. 
and Zuce. Japanese Pachysandra, Ploea ables (L.) Karst. 
Norway Spruce, and Tsuga canadensis (L.) Carr Canada Hemlock. 
In the second experiment Ilex opaca Alt. American Holly was 
substituted for Plcea ables since all of these cuttings died. 
Daphne cneorum was selected because winter cuttings of 
this plant are particularly susceptible to a rotting of that 
portion of the stem set into the propagating medium. 
Because cuttings of Pachysandra terminalls root easily, 
this plant was used as a crude measure of any injury to the 
cuttings or Inhibition of rooting that might be caused by 
the fungicide or the concentration of the fungicide. 
Winter cuttings of Ploea ables and Tsuga canadensis 
root slowly and the former, in very low percentages. 
Cuttings of these plants were used to determine whether or 
not the addition of a fungicide would Increase the effec¬ 
tiveness of the root-inducing substance. 
as mentioned above, all the cuttings of Plcea ables 
died; thus, Ilex opaca was substituted in the seoond experi¬ 
ment. Winter cuttings of this plant root in only fair per- 
11 
eentages and, again, it was desirable to learn if the 
addition of a fungicide would increase the percentage of 
rooting as it did for Doran (2). 
All cuttings in both experiments were terminal cuttings 
of well ripened growth of the previous season. The size of 
cuttings was kept as consistent as possible for each species. 
One inch of the basal portion of each cutting was dipped 
into the powder mixture without being wet first as the 
cuttings had been dampened to prevent wilting. After treat¬ 
ment the cuttings were inserted into the medium to approxi¬ 
mately one-half of their total length. 
The Bench 
A constant-water-level bench was used to reduce labor 
and to minimize the danger of washing out the fungicide. 
To separate each treatment separate waterproof sections were 
constructed each with its own water supply and drain (see 
Figure 1). 
Water proofing was accomplished by fitting a sheet of 
% 
felt roofing paper on the bottom and along the sides of the 
individual compartments. To prolong the life of the paper 
it was painted, after fitting, with an asbestos fiber roof 
paint. This set-up was good for the first experiment only; 
all the plots required new paper and paint for the second 
experiment. 
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Water was supplied to the bench through 1/4 inch copper 
tubing. Rubber tubing was used along the center of the 
bench with glass MT,sw placed appropriately to supply water 
to each section. To control the flow of water to each plot 
rubber tubing was placed from the stem of the HTB to the 
bench and a piece of wire was bent to close the tubing the 
necessary amount. This particular method required constant 
adjustment and is not recommended. 
The bench was located in a $0° F. night temperature 
greenhouse. Bottom heat was supplied by steam pipes running 
beneath the bench and supplemented by an electric cable with 
a thermostatic settlrg of J0° Experiment I and 75° F* 
in Experiment IT. The bench was covered with muslin (tobacco 
cloth) to provide shade and maintain high humidity. 
The Medium 
A mixture of sand and acid peat was used to provide a 
medium which would be more moist and, thus, be more conducive 
to the development of rot diseases. The proportions selected 
were two parts sand to one part peat by volume. 
Five inches of this mixture was placed over one inch of 
coarse pebbles (in the first experiment) or 3/4 inch crushed 
rock (in the second experiment). The coarse material at the 
bottom of the bench allowed easy movement of water along the 
bottom of the bench; then the water rose by capillary action 
throughout the rooting medium. 
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Arrangement of Plots 
The first experiment consisted of five trials and a 
control, replicated four times. The trials consisted of 
five fungioides, as noted above, each at a concentration of 
12.5# and each mixed with indolebutyric acid at a concen¬ 
tration of 0.3$. The arrangement of plots (Figure 2A) was 
randomized to minimize any effect of location (9). 
The second experiment consisted of six trials and a 
control, replioated three times. The control was, again, 
0.3# Indolebutyric acid. The trials consisted of the three 
fungicides which gave the best results in the first experi- 
ment (see above). In this test the three fungicides were 
used at concentrations of 6% and 3#« each being mixed with 
indolebutyric acid 0.3#. Again to avoid any influence of 
location, the arrangement of plots was randomized (9). 
(Figure 2B.) 
In both experiments the looation of the rows of 
cuttings in each plot was randomized (9). Guard plants at 
either end of each row and guard rows on each side were 
introduced to give each cutting in the trial identical con¬ 
ditions as far as possible. Figure 3 shows a typical 
arrangement. 
FIGURE I 
A CUT-AWAY PERSPECTIVE 
OF 
BENCH CONSTRUCTION 
i a 
R
E
P
L
IC
A
T
E
 
I 
R
E
P
L
IC
A
T
E
 
2 
R
E
P
L
IC
A
T
E
 
3 
R
E
P
L
IC
A
T
E
 
A
R
R
A
N
G
E
M
E
N
T
 
O
F
-P
L
O
T
S
 
IN
 
E
X
P
E
R
IM
E
N
T
 
£ 
A ’ 
© © © © © © 
© o o o o © 
© ' o o o o © 
© o o o o © 
© o o ,o 
^4 
o © 
© o o 50 
—. 
o © 
© o So Q: s° K 
<0 O 
-«V 
© 
© Co O 5° „o *o © Uj Q> * 
£0 ;o Lj So lo s© 
^© Cfc So 
<0 _ 
5° 5® 
<o 
^o aO 5o 50 £o £© 
© © © © © © 
FIGURE 3 
A TYPICAL PLANTING PLAN 
DIAGRAMMATIC 
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Results 
The results obtained In Experiment I are given In 
Tables 1 through 4, Table 4 being a summary. (No table has 
been Included for the results with Plcea ables since no 
cuttings of this plant survived. 
As is shown in Table 4, all treatments, with the ex¬ 
ception of the Semesan mixture, increased the percentage of 
cuttings of Daphne cneorum which rooted. The differences in 
numbers of cuttings rooted between each beneficial treatment 
and the control were found to be significant at the level, 
the Spergon and Phygon mixtures showing the greatest promise. 
The results for each plot are shown in Table 1. 
While no attempt was made to determine the cause of 
death, all Daphne cuttings which died in the control plots 
and in the trial plots showed symptoms typical of rot 
diseases occurring in propagating beds: l.e., a blackening 
of that portion of the stem inserted into the propagating 
medium and the eventual wilting and dying of the leaves. No 
control of disease was attempted (beyond the initial treat¬ 
ment of the cuttings in the trial plots) when the symptoms 
appeared. 
The results obtained with Paohysandra terminalis in the 
control plots were expected as cuttings of this plant root 
readily. 
It Is interesting to note In Table 4 that two of the 
fungicide mixtures (Araean and Phygon) appeared to have an 
inhibitlve action on the rooting while a third mixture 
(Semesan) appeared to have an injurious effect. It will be 
noted in Table 2 that the Inhibitlve action of the Phygon 
mixture was apparent in only two of the replicates while 
that of the Aras&n mixture was apparent in all four repli¬ 
cates. The injurious action of the Semesan mixture was also 
apparent in all four replicates. However, upon subjecting 
these data to statistical analysis, no differences in numbers 
of cuttings rooted were found to be significant at the 5# 
level. 
The Spergon mixture was the only trial material to show 
an increase in rooting of Pachysandra cuttings over the 
control, but this difference is not significant at the 5$ 
level. , . . 
All mixtures with the exception of the Fermate showed 
Inhibitlve or injurious effects on the rooting of cuttings 
of ?8Uga canadensis. As will be noted in Table 3, Injurious 
effects by the Arasan and Phygon mixtures were limited to 
those which occurred in one replicate only, while inhibitlve 
effects occurred in each of the other three replicates. 
Both the Semesan and Spergon mixtures showed strong inhibi¬ 
ting effects in all replicates, and the differences in 
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numbers of cuttings rooted between each of these two mixtures 
and the control were found to be significant at the *>% level. 
A summary of the results obtained in Experiment II are 
given in Table 9. Tables 5 through & give the individual 
results for the cuttings of each plant used. 
A limited amount of cutting material from Daphne oneorum 
was available and, thus, only six cuttings were made for each 
plot. All treatments, with the exception of the Spergon 6% 
mixture, showed greater loss and a smaller percentage of 
rooting than did the control plots. As can be noted in 
Table 5* tk* results are not consistent in all replicates: 
i.e., the Fermate 6$ and 3$, the Phygon 6$, and the Spergon 
3$ mixtures show heavy losses in one replicate and relatively 
light losses in the other two replicates. The only signifi¬ 
cant differences at the 5$ level in numbers of cuttings 
rooted were those between the control and the 3% Fermate 
mixture and the control and the 3$ Spergon mixture. 
The Spergon 6% mixture showed no loss of cuttings and a 
better rooting percentage than did the control, but this 
difference was found to be not significant at the 5$ level. 
All the mixtures except one (Spergon 6%) Improved the 
rooting of Ilex opaoa. The Phygon mixture gave the 
highest percentage of rooting (90$) and the Fermate 6% 
mixture gave While the Spergon 6$ mixture only 
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equalled the results of the control at 46.7$# the Spergon 3$ 
mixture gave 73*3$- Despite the great differences in per¬ 
centages of rooting, no differences were found to be signifi¬ 
cant at the 5$ level. A study of Table 6 will show large 
variations in results between replicates in several treat¬ 
ments which lead to high experimental error. 
The rooting of Paohysandra terminalis was improved by 
all mixtures, four of them (Ferm&te 3$, Phygon 3$ and 
Spergon 3$ an5> 6$) giving 100$ rooting while the control 
gave but 90$ rooting. As oan be seen in Table 7# the loss 
in the control plots of the Pachysandra cuttings was con¬ 
sistent. The differences in numbers of cuttings rooted 
between the controls and each treatment were found to be 
significant at the 5$ level. 
The Phygon 6$ mixture was the only trial material which 
did not improve the rooting of Tauga canadensis. The 
Fermate 6$ mixture gave 100$ rooting, the Spergon 3$ mixture 
gave 96.7$, and the Fermate 3$, the Phygon 3$, and 6$, and 
the Spergon 6$ mixtures each gave 93*3$* However, none of 
the differences between the results obtained from these 
mixtures and those obtained from the control proved signifi¬ 
cant at the 5$ level. Table S gives the results of each 
plot. 
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Experiment I. Table 1. Results of treating winter cuttings 
of Daphne oneorum L. with mixtures of various fungicides and 
1ndolebutyric acid (IBA). 
Treatment Replicate Number Number Number Alive Number and Plot Made Died But Not Rooted Rooted 
Control 1 B 10 10 0 0 
0.3# IBA 2 J 10 10 0 0 
3 R 10 10 0 0 
4 U 10 9 0 1 
Arasan 1 F 10 2 5 3 
12.5# and 2 L 10 5 1 4 
0.3# IBA* 3 0 10 4 4 2 
4 T 10 1 9 0 
Permate 1 E 10 9 0 1 
12.5# and 2 G 10 5 0 5 
0.3# IBA* 3 ft 10 7 0 3 
4 S 10 6 0 4 
Phygon 1 D 10 0 2 3 
12.5# and 2 I 10 1 1 3 
0.3# IBA* 3 M 10 1 1 3 
4 V 10 1 1 3 
Semesan 1 A 10 1 9 0 
12.5# and 2 K 10 1 9 0 
0.3# IBA* 3 N 10 2 3 0 
4 W 10 1 9 0 
Spergon 1 c 10 0 3 i 
12.5# and 2 H 10 4 0 6 
0.3# IBA* 3 P 10 4 l 5 
4 X 10 1 3 6 
# Mixtures contain, actually, 12.5$ of the active ingredient 
of the commercial preparation. 
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Experiment I* Table 2. Results of treating winter cuttings 
of Pachysandra terminalis Sieb. and Zucc. with mixtures of 
various fungicides and indolebutyric acid (IBA). 
Replicate Number Number Number Alive Number Treatment and Plot Made Died Eut Not Rooted Rooted 
Control 1 B 10 0 0 10 
0.355 IBA 2 J 10 0 0 10 
3 R 10 0 0 10 
4 U 10 0 1 9 
Arasan 1 F 10 0 1 9 
12.5# and 2 L 10 0 4 6 
0.3? IBA* 3 0 10 0 1 9 
4 T 10 0 1 9 
Formate 1 E 10 1 0 9 
12.5$ and 2 a 10 0 0 10 
0.3^ IBA* 3 Q, 10 0 0 10 
4 S 10 1 0 9 
Phygon 1 D 10 0 0 10 
12.5# and 2 I 10 1 2 7 
O.356 IBA* 3 M 10 1 1 * 
4 V 10 0 0 10 
Semesan 1 A 10 2 0 * 
12.555 and 2 K 10 1 0 9 
0.356 IBA* 3 N 10 5 0 5 
4 W 10 2 0 g 
Spergon 1 C 10 0 0 10 
12.556 and 2 H 10 0 0 10 
0.3% IBA* 3 P 10 0 0 10 
4 X 10 0 0 10 
* Mixtures contain, actually, 12.5$ of the active ingredient 
of the commercial preparation. 
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Experiment I. Table 3. Results of treating winter cuttings 
of Tsuga canadensis (L.) Carr, with mixtures of various 
fungicides and inclolebutyric acid (IBA). 
Replicate Number Number Number Alive Number Treatment and Plot Made Died But Not Hooted Rooted 
Control 1 B 10 0 2 g 
0.3$ IBA 2 J 10 0 0 10 
3 R 10 0 7 3 
4 U 10 0 6 4 
Arasan 1 F 10 0 7 3 
12*5$ and 2 L 10 3 0 7 
0.3$ IBA* 3 0 10 0 3 7 4 T 10 0 ■ 5 5 
Fermate 1 E 10 0 2 S 
12.5$ and 2 G 10 0 5 5 
0.3$ IBA* 3 Q 10 0 3 7 4 S 10 0 5 5 
Phygon 1 B 10 0 7 3 
12.5$ and 2 I 10 0 3 7 
0.3$ IBA* 3 M 10 7 0 3 
4 V 10 0 2 g 
Semesan 1 A 10 0 6 4 
12.5$ and 2 K 10 0 9 1 
0.3$ IBA* 3 N 10 0 10 0 
4 W 10 0 9 1 
Spergon 1 c 10 0 9 1 
12.5$ and 2 H 10 0 g 2 
0.3$ IBA* 3 P 10 0 9 1 
4 X 10 0 5 5 
* Mixtures contain, actually, 12.5$ of the active ingredient 
of the commercial preparation. 
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Experiment I. Table 4. Summary of results’? 
Plant Treatment % % Alive But % Died Not Rooted Rooted 
Daphne oneorum L. 
Control 0.3$ IBA 97.5 
Arasan 12.5%-0.3# IBA* ** 30.0 
Fermate 12.5^-0.3% IBA** 67.5 
Phygon lZ.5%-0.3% IBA** 7.5 
Semesan 12.5^-0. IBA** 12.5 
Spergon \2.'j’fr-O.?,% IBA** 22.5 
0.0 
^7-5 
0.0 
12.5 
87.5 
17.5 
2.5 
22.5 
32.5 
so.o 
0.0 
60.0 
Pachysandra terminalis i and; 
'TTiefeT and Zucc. 
Control 0.3$ IBA 
Arasan 12.5#-0. 3# IBA** 
Fermate 12.5#-0.3# IBA** 
Phygon 12.5#-0.3# IBA** 
Semesan 12.5#-0.3# IBA** 
Spergon 12.5#-0.3# IBA** 
Tsuga canadensis (L.) Carr. 
Control 0.3# IBA 
Arasan 12.5#-0.3# IBA** 
Fermate 12.5#-0.3# IBA** 
Phygon 12.5#-0.3# IBA** 
Semesan 12.5#-0.3# IBA** 
Spergon 12.5#-0.3# IBA** 
0.0 2.5 97.5 
0.0 17.5 32.5 
5.o 0.0 95.0 
5.0 7-5 37.5 
25.0 0.0 75.0 
0.0 0.0 100.0 
0.0 37.5 62.5 
7.5 37.5 55.0 
0.0 37.5 62.5 
17.5 30.0 52.5 
0.0 35.0 15.0 
0.0 77.5 22.5 
* Average of four replicates. 
** Mixtures contain, actually, 12.5# of the active ingredient 
of the commercial preparation. 
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Experiment II. Table 5. Results of treating winter cuttings 
of Daphne cneorum L. with mixtures of various fungicides in 
two concentrations and indolebutyrlc acid (IBA). 
Treatment Replicate Number Number Number Alive Number and Plot Made Died But Not Rooted Rooted 
Control 1 H 6 1 1 4 
0.3# IBA 2 H 6 0 3 3 
3 R 6 1 2 3 
Fermate 1 F 6 6 0 0 
3.0# and 2 I 6 2 3 1 
0.3# IBA* 3 S 6 2 2 2 
Fermate 1 B 6 6 0 0 
6.0# and 2 P 6 0 2 4 
0.3# IBA* 3 T 6 3 1 2 
Phygon 1 A 6 2 2 2 
3.0# and 2 J 6 3 2 1 
0.3# IBA* 3 V 6 1 3 2 
Phygon 1 c 6 5 0 1 
6,0# and 2 M 6 0 1 5 
0.3# IBA* 3 U 6 l 2 3 
Spergon 1 D 6 6 0 0 
3.0# and 2 0 6 1 5 0 
0.3# IBA* 3 0, 6 1 3 2 
Spergon 1 a 6 0 1 5 
6.0# and 2 L 6 0 2 4 
0.3# IBA* 3 X 6 0 2 4 
* Mixtures contain, actually, 3*°# or 6.0# of the active 
ingredient of the commercial preparation. 
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Experiment II. Table 6. Results of treating winter cuttings 
of Ilex apaoa Ait. with mixtures of various fungicides in two 
concentrations &n& indolebutyric acid {IBA). 
Treatment Replicate Number Number Number Alive Number and Plot Made Died But Not Rooted Rooted 
Control 1 H 10 0 3 7 
0.3% IBA 2 N 10 0 6 4 
3 R 10 0 7 3 
Fermate 1 F 10 0 l 9 
3.0% and 2 1 10 0 2 6 
0.3% IBA* 3 S 10 0 6 4 
Fermate 1 B 10 0 1 9 
6.0% and 2 P 10 0 3 7 
0.3% IBA* 3 T 10 0 2 k 
Phygon 1 A 10 0 3 7 
3.0% and 2 J 10 0 9 l 
0.3% IBA* 3 V 10 0 3 7 
Phygon 1 c 10 0 1 9 
6.0$ and 2 M 10 0 2 3 
0.3$ IBA* 3 U 10 0 0 10 
Spergon 1 D 10 0 3 7 
3.0$ and 2 0 10 0 l % 
0.3$ IBA* 3 Q 10 0 4 6 
Spergon 1 G 10 0 4 6 
6.0$ and 2 L 10 0 5 5 
0.3% IBA* 3 X 10 0 7 3 
* Mixtures contain, actually, 3*0% or 6.0% of the active 
ingredient of the commercial preparation. 
Experiment IX. Table 7* Besuita of treating winter cuttings 
of Pachysandra terminalis Sieb. and Zucc» with mixtures of 
various funglcidis TH two concentrations and indolebutyric 
acid (IBA). 
Replicate Number Number Kumber Alive Humber Treatment and Plot Made Died But Not Rooted Rooted 
Control 1 H 10 1 0 9 
0.3* 2 N 10 1 0 9 
3 R 10 1 0 9 
Fermate 1 F 10 0 0 10 
3.0$ and 2 I 10 0 0 10 
0.3$ IBA* 3 S 10 0 0 10 
Fermate 1 B 10 1 0 9 
6.0$ and 2 P 10 0 0 10 
0.3$ IBA* 3 T 10 0 0 10 
Phygon 1 A 10 0 0 10 
3.0$ and 2 J 10 0 0 10 
0.3$ iba* 3 V 10 0 0 10 
Phygon 1 c 10 0 0 10 
6.0$ and 2 M 10 0 1 9 
0.3$ IBA* 3 U 10 0 0 10 
Spergon 1 D 10 0 0 10 
3.0$ and 2 0 10 0 0 10 
0.3$ IBA* 3 Q 10 0 0 10 
Spergon 1 a 10 0 0 10 
6.0$ and 2 L 10 0 0 10 
0.3$ IBA* 3 X 10 0 0 10 
* Mixtures contain, actually, 3.0$ or 6.0$ of 
ingredient of the commercial preparation. 
the active 
2S 
Experiment II. Table 6. Results of treating winter cuttings 
of Tsuga canadensis (L.) Carr, with mixtures of various fungi- 
cides In two concentrations and indolebutyric acid (IBA). 
Repl icate Number Number Number Alive Number Treatment and Plot Made Died But Not Rooted Rooted 
Control 1 H 10 0 3 7 
0.3$ IBA 2 N 10 0 0 10 
3 R 10 0 1 9 
Fermate 1 F 10 0 1 9 
3.0$ and 2 I 10 0 0 10 
0.3$ IBA* 3 3 10 0 1 9 
Fermate 1 B 10 0 0 10 
6.0$ and 2 P 10 0 0 10 
0.3$ IBA* 3 T 10 0 0 10 
Phygon 1 A 10 0 0 10 
3.0$ and 2 J 10 0 1 9 
0.3$ IBA* 3 V 10 0 1 9 
Phygon 1 C 10 0 4 6 
6.0$ and 2 M 10 0 0 10 
0.3$ IBA* 3 U 10 0 1 9 
Spergon l D 10 0 0 10 
3.0$ and 2 0 10 0 0 10 
0.3$ IBA* 3 Q. 10 0 1 9 
Spergon 1 Ca¬ 10 0 0 10 
6.0$ and 2 li 10 0 1 9 
0.3$ IBA* 3 X 10 0 1 9 
* Mixtures contain, actually, 3*°$ or 6.0$ of the active 
Ingredient of the commercial preparation. 
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Experiment XX. Table 9. Summary of results*. 
Plant Treatment % % Alive But Died Not Rooted Rooted 
Daphne oneorum L. 
Control 0.3$ 
Fermate 
Fermate 6.0#-0.3# 
Phygon 3. OJf-0.3% 
Phygon 6.0^-0.3^ 
Spergon 3.Q#-0.3# 
Spergon 6.0#-0.3$ 
Ilex opaoa Ait. 
Control 0.3$ 
Fermate 3.0$-0.3$ 
Fermate 5.0/6-0.3$ 
Phygon 3.0$-0.3# 
Phygon 6.0^-0.3^ 
Spergon 3.0#-0.3$ 
Spergon b. 0$-0.3# 
* 1 
Paohysandra terminalis 
Sieb. and 2ucc. 
IBA 
IBA** 
IBA** 
IBA** 
IBA** 
IBA** 
IBA** 
IBA 
IBA** 
IBA** 
IBA** 
IBA** 
IBA** 
IBA** 
Control 
Fermate 
Fermate 
Phygon 
Phygon 
Spergon 
Spergon 
0.32 2.02-0.3* 
6.02-0.32 
3.02-0.3* 
6.02-0.32 
3.02-0.32 
6.02-0.32 
Tsuga oanadenals (L.) Carr. 
°-h 3.02-0.3* 
6.02-0.32 
3.02-0.3* 
6.02-0.3* 
3.02-0.32 
6.02-0.3* 
Control 
Fermate 
Fermate 
Phygon 
Phygon 
Spergon 
Spergon 
11.1 
55.6 
50.0 
33.3 
m 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
33.3 
27.7 
16.7 
33.9 
16.7 
44.5 
27.8 
53-3 
30.0 
20.0 
50.0 
10.0 
26.7 
53-3 
53-6 
16.7 
33-3 
27.8 
50.0 
11.1 
72.2 
46.7 
70.0 
So.o 
50.0 
90.0 
IBA 10.0 0.0 90.0 
IBA** 0.0 0.0 100.0 
IBA** 3.3 0.0 96.7 
IBA** 0.0 0.0 100.0 
IBA** 0.0 3.3 96.7 
IBA** 0.0 0.0 100.0 
IBA** 0.0 0.0 100.0 
IBA 0.0 13.3 86.7 
IBA** 0.0 6.7 93.3 
IBA** 0.0 0.0 100.0 
IBA** 0.0 6.7 93.3 
IBA** 0.0 16.7 S3.3 
IBA** 0.0 3.3 96.7 
IBA** 0.0 6.7 93.3 
* Average of three replicates. 
** Mixtures contain, actually, J.0% or 6.0$ of the active 
Ingredient of the commercial preparation. 
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Discussion of Results 
It will be noted in Tables 4 and 9 that there is a con¬ 
siderable difference in the percentages of rooting of the 
cuttings In the control plots of Experiment I and those of 
Experiment II. Any discussion of results in general must 
first car*elder these differences. 
The cuttings of Daphne in the control plots of Experi¬ 
ment I showed 2.5# rooting while those of Experiment II 
showed 55*6# rooting. Likewise, 62.5$ of the cuttings in 
the control plots of Tsuga rooted in the first experiment, 
while 86.J/C rooted in Experiment II. 
The increase in percentage of rooting of cuttings of 
Daphne is probably due to at least three factors. Cuttings 
of this plant used in the first experiment came from com¬ 
mercially grown stock. The cutting raeterial had been dampened 
and stored in a cool cellar (after being out from two and 
three year old plants) at the nursery for a considerable 
length of time before the cuttings were made. Cuttings for 
the second experiment came from plants raised from those 
cuttings which rooted in Experiment I, and the cuttings were 
made, treated, and Inserted into the medium immediately 
after being cut from the plants. 
In addition, growing conditions for this latter group 
of plants were unfavorable as soil conditions where these 
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plants were grown were relatively poor, and watering was not 
permitted during the extreme drought that occurred during 
the growing season. The results obtained in this work seem 
to agree with those of Pearse (7) who found that cuttings 
*‘ »•'*'. • * *vf > * . * - « 
taken from plants which are raised under conditions which 
Induce a high proportion of root growth to top growth will 
be inclined to root better. 
The third factor which may have had some effect is that 
the thermostatic setting of the heating cable was at 75° F. 
during the second experiment and at 70° F. during Experiment 
I* As a result, bottom heat was higher in Experiment II, 
and the effect of the growth regulator may have been 
enhanced. 
Only the drought and the difference in temperature of 
the medium could have influenced the rooting of the Tsuga 
cuttings, since, in both experiments, the cuttings were made, 
treated, and Inserted into the medium immediately after the 
cutting material was taken from the plants. 
The reduction in percentage of rooting of cuttings of 
Pachysandra (from 97*5# in Experiment I to 90.0$ in Experi¬ 
ment II) is more difficult to explain. The only possibility 
that the writer can propose is that the possible increased 
activity of the growth regulator (caused by the increase in 
bottom heat) may have caused Injury to cuttings of a plant 
which roots readily without treatment of any kind. 
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These differences between the percentages of rooting of 
the control plots in both experiments prevented any direct 
comparison of the results of Experiment I with the results 
of Experiment II. Nonetheless, it was possible to relate 
the results obtained in each treatment with the results of 
the control plots in the same experiment. 
It is obvious from the results that each fungicide 
affected the cuttings of the various plants differently, and, 
also, that the different concentrations of the same fungi¬ 
cide produced different results with cuttings of the same 
plant. 
The Semesan mixture used in Experiment I showed an in¬ 
hibitory action on the rooting of cuttings of Daphne cneorum 
and Tsuga canadensis and injury to cuttings of Pachysandra 
terminalis. The active ingredient of this material is 
hydroxymercurichlorophenol. These results may be due to a 
sensitivity of these plants to mercury compounds or to an 
overdose of the active ingredient. 
The Arasan mixture improved the rooting of Daphne 
cneorum, but it showed slightly poorer percentages of rooting 
than did the controls when used on cuttings of Pachysandra 
termlnalis and Tsuga canadensis. 
The 12.5# Phygon mixture greatly aided the rooting of 
cuttings of Daphne but did not help the rooting of cuttings 
of Pachysandra and Tsuga. The 6# Phygon mixture increased 
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the percentage of rooting of Daphne cuttings over the 
control, but the 3$ mixture failed to give good protection 
to the cuttings of this plant from rot diseases, and rooting 
results were poor. These results indicate that a relatively 
high concentration of the active ingredient is necessary to 
protect cuttings of susceptible plants from rot diseases. 
The mixtures containing the lower concentrations, however, 
gave somewhat better results when used on cuttings of 
Paohysandra terminalis and Tauga canadensis than did the 
12.5$ mixture. 
The Fermate mixture in Experiment I gave fair pro¬ 
tection from rot diseases to the Daphne cuttings and did not 
inhibit or injure cuttings of Pachysandra or Tsuga. The 
mixtures containing the lower concentrations gave poor pro¬ 
tection to cuttings of Daphne in the second experiment but 
increased the percentage of rooting of cuttings of Ilex 
opaca. Pachysandra terminalis. and Tsuga canadensis. 
These results indicate that a higher concentration of 
the active ingredient of Ferraate is necessary to give good 
protection to cuttings from rot diseases. There is no 
indication in this work that such concentrations would 
injure or inhibit the rooting of Daphne cuttings. 
The 12.5$ Spergon mixture greatly aided the rooting of 
cuttings of Daphne, equalled the results obtained with the 
control on cuttings of Pachysandra, but showed inhibltive 
aotlon on the rooting of Tsuga. The 6$ mixture showed some 
increase in percentage of rooting of cuttings of Daphne and 
Ilex over that obtained with the control, while the 3$ 
mixture did not give good protection from rot to cuttings of 
Daphne, but it gave equal results with the control in 
rooting cuttles of Ilex. Both the 6$ and 3$ mixtures gave 
comparable and beneficial results with cuttings of Pachy- 
sandra and Tsuga. 
Suramary and Conclusions 
Winter cuttings of various woody plants were treated 
with 0.3$ indolebutyrlc acid in talc as a control, and with 
various fungicides (tetramethyl thiuramdlsulfide, ferric 
dimethyl dithlocarbamate, 2,3-dichloro-l,4-naphthoquinone, 
hydroxymercurichlorophenol, and tetrachloro-para-benzoquinone) 
each at concentrations of 12.5$, 6.0$ and 3«°$ mixed with 
0.3$ indolebutyrlc acid in talc as a carrier. The cuttings, 
after the basal ends were dipped in the mixture, were placed 
in a constant-water-level bench, each treatment In a separate 
compartment. The medium used was a mixture of two parts sand 
and one part acid peat by volume. Bottom heat was held at 
70° F. in Experiment I and at 75° F. Experiment II. 
The results indicated: 
(1) A mixture containing 12.5$ hydroxyraercurlchloro- 
phenol and 0.3$ Indolebutyrlc acid in talc as a carrier was 
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inclined to injure cuttings of Pachysandra termlnalis and to 
inhibit the rooting of cuttings of Daphne cneorum and Tanga 
canadensis. 
(2) A similar mixture containing tetramethyl thiuram*- 
disulfide improved the rooting of cuttings of Daphne oneorum 
but gave somewhat lower results than the control when used 
on cutties of Paohysandra termlnalis and Teuga oanadensls. 
(3) A mixture containing 12.5$ 2^dichloro-l,4- 
naphthoquinone and 0.3$ indolebutyrio acid In talc as a 
carrier gave good protection to Daphne cuttings from rot 
diseases and improved the rooting of cuttings of Daphne 
oneorum. 
(4) A similar mixture containing only 3$ of the same 
fungicide or a mixture containing 3$ or 6$ ferric dimethyl 
dithiocarbamate and 0.3$ indolebutyrio acid in talc as a 
carrier improved the rooting of cuttings of Pachysandra 
termlnalis. 
(5) A mixture containing 12.5$ tetr&chloro-p&ra- 
benzoquinone and 0.3$ indolebutyrio acid in talc as a 
carrier improved the rooting of cuttings of Daphne cneorum 
but inhibited the rooting of cuttings of Tsuga canadensis. 
(6) Similar mixtures containing 3$ or 6$ of the same 
fungicide increased the percentage of rooting of cuttings of 
Pachysandra termlnalis and Tsuga oanadensls. 
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